Studies of lipid turnover in cells with stable isotope and gas chromatograph-mass spectrometry.
Phospholipids are major building blocks for biological membranes. In addition, metabolites derived from their degradation are important signals in major cellular events, such as proliferation and apoptosis. The concept of lipid signaling in cells is derived mainly from the measurement of change in the concentration of lipid molecules. However, these changes in concentration are only a small part of the underlying metabolic change induced by a perturbation in the cell. In contrast, metabolic kinetic studies documenting product-precursor relationships and turnover rates are useful in elucidating the responsible mechanisms. Historically, metabolic studies of phospholipids in cells have been carried out with pulse or pulse-chase methods using radioactive isotopes. While these studies provide valuable information, their scope is restricted by inherent limitations. In this paper we describe a method using [1,2,3,4-13C(4)]palmitate as the tracer for studying the metabolic kinetics of the molecular species of diacylglycerol, ceramide, phosphatidylcholine, and sphingomyelin. After growing cells in the presence of labeled palmitate complexed to serum albumin, the lipids are extracted and separated into lipid classes. After enzymatic hydrolysis, diacylglyerols and ceramides as bis-trimethylsilyl derivatives are determined quantitatively with capillary column gas chromatography. Internal standards for each lipid class are used in the procedure. In addition, the isotopic enrichments of the lipid molecular species are determined with gas chromatograph-mass spectrometry. We applied this method to the study of HL60 cells. Different turnover rates were found for various molecular species. In addition, the sn-1 and sn-2 acyl groups appear to be synthesized at different rates for different molecular species. Other information, such as chain elongation and desaturation, might also be derived through the use of this method.